Introduction
Brown's syndrome was initially thought to be caused by a tight superior oblique tendon sheath. Wright believed it was the result of a tight superior oblique tendon or inelastic muscle-tendon complex [1] . Recent studies now show that various mechanisms can cause Brown's syndrome in different patients such as pulley instability of the lateral rectus muscle [2 ,3 ,4] . Despite the relatively simple clinical appearance of Brown's syndrome, its complex cause has required evolving surgical techniques including specialized tenotomies, tenectomies, splittendon lengthenings, and a newer adjustable suture spacer procedure.
The Flemish artist Michael Sittow (1469-1525) painted King Henry VII of England (1457-1509) ( Fig. 1) looking to his left. If he is fixating with the left eye it would appear that the right eye is lower. The fact that he seems to have a misalignment of the visual axes and is looking to the left would suggest that this might have had a congenital onset with an absence of diplopia. Otherwise he would have preferred to look to his right. A death mask of the King (Fig. 2 ) may give us another clue. His right eye appears to be lower (hypotropia) as he looks straight ahead. He has two of the characteristics of both a weakness of the inferior oblique and Brown's syndrome: depression in adduction and a hypotropia of the eye in the primary position.
Differential diagnosis of a deficit of elevation in adduction
Each of the six extraocular muscles around each eye has a position of maximal vertical action ( Fig. 3) [5] . In this diagram the patient is facing the observer. The inferior obliques have a maximal elevating ability when the eye is in adduction.
In Fig. 4a the left eye is not able to elevate above the midline in adduction, whereas in Fig. 4b , picturing a normal patient, with both eyes looking up and to the right, the left eye elevates in a normal manner.
The differential diagnosis of an eye that does not elevate in adduction includes (1) congenital Brown's syndrome, (2) paresis of the inferior oblique, (3) inflammations, including those in the trochlear area (acquired Brown's syndrome), (4) following surgery when the inferior oblique has been injured or has been weakened for an overaction that was not present, (5) underaction of the inferior oblique in the A and V patterns, (6) double elevator palsy, (7) thyroid eye disease, and
Purpose of review
To better understand the various causes of Brown's syndrome, provide a historical account of the progression of Brown's syndrome, and to bring attention to clinical characteristics specific to Brown's syndrome.
Recent findings
The inability to elevate an eye in adduction is a common problem with a number of possible causes usually pointing to cyclovertical muscle involvement. The specific cause can usually be determined by either the three-step test or forced ductions. Because Brown's syndrome does not involve a paretic cyclovertical muscle but rather a mechanical muscle limitation, forced ductions instead of the three-step test must be used to evaluate a patient of Brown's syndrome and is crucial in the diagnosis.
Summary
The recognition of true Brown's syndrome can be accomplished by clinical examination and confirming the diagnosis with a positive forced duction test. (8) in any unusual strabismus problem it is prudent to consider myasthenia gravis and multiple sclerosis.
Keywords
In a patient with Brown's syndrome, the three-step test will be negative in all positions. The affected eye will show difficulty elevating in adduction. In this gaze position cover/uncover tests on each eye will eliminate the possibility of a latent strabismus ( Fig. 5 ).
Historical perspectives
A review of the literature prior to 1950 reveals many studies which discussed paresis of the inferior oblique. The causes were numerous and included injuries as well as infections caused by a variety of organisms such as those causing tuberculosis and syphilis. Harold Whaley Brown (1898-1978) ( Fig. 6 ) was an American ophthalmologist who specialized in strabismus. At the 1950 New Orleans Strabismus Symposium he lectured on congenital structural muscle anomalies. He presented a new syndrome which he felt should be considered to be a preliminary report [6 ] . After his talk our thinking about many of these entities changed.
Harold Brown first became conscious of the possibility of this syndrome in 1944 when he examined the mother of a child with strabismus who was thought to have a paralysis of the inferior oblique. As she followed the fixation light with the affected eye it became apparent that the eye would not elevate above the horizontal plane when the eye was in adduction. Repeated attempts to elevate the eye failed and she then complained of a pulling sensation and pain in the trochlear region. Forceps elevation of the eye under local anesthesia was refused by the patient. In 1946 Brown was examining a 5-year-old boy who had a similar type of motility problem. At the time of surgery there was restricted elevation to forceps manipulation to below the horizontal plane with the eye held in full adduction. The superior oblique tendon and its sheath were exposed surgically to allow a tenotomy. After surgery was performed on the sheath to separate it from the superior oblique tendon a suture was placed around the sheath, 
Key points
Brown's syndrome is a rare disorder of ocular motility usually presenting in childhood, which has eluded ophthalmologists for many years. The cause of the disorder is variable, complex and often still difficult to diagnose or treat. The advent of the three-step test has greatly helped differentiate between some isolated muscle palsies. Brown's syndrome resolves spontaneously in some cases after many years but surgical techniques over the course of history have greatly improved to limit the degree of overcorrection or the need for multiple operations and are therefore the most common form of management. so similar that he felt a differential diagnosis, based only on clinical features, was impossible. The true sheath syndrome had a congenitally short anterior sheath of the superior oblique tendon and the simulated sheath syndrome group included all cases with the clinical features of sheath syndrome caused by an anomaly other than a congenital short anterior sheath of the superior oblique tendon. It required surgery by an experienced surgeon to make the distinction. He listed the clinical features, which he felt were clear cut and dramatic [7] :
(1) In straight-up gaze there is usually divergence. This is known as a 'V pattern'. (2) The most striking feature of the syndrome is the limitation of elevation in adduction. In full adduction the affected eye cannot be raised above the midhorizontal plane on voluntary or passive rotation. (3) The degree of limitation of the affected eye will be the same on versions, ductions or passive rotations. As the eye gradually rotates from its position of decreased elevation in adduction towards elevation in abduction there will be corresponding gradual increase in elevation. The gradual increase in elevation will be a straight line from the mid horizontal plane in full adduction to full elevation near straight-up gaze. Brown classified the true syndrome into typical and atypical types. The great majority of cases were typical and had no significant underaction of the ipsilateral superior rectus. The few atypical cases had significant coexisting underaction of the ipsilateral superior rectus. He then discussed the simulated superior tendon sheath syndrome -characterizing all cases in which the clinical features of a sheath syndrome are caused by something different other than a congenital short anterior sheath of the tendon. Brown described three types:
(1) Spontaneous recovery cases (noting that there had never been a report of a spontaneous recovery case in which the traction test had been positive suggesting that a positive traction test prevented the possibility of a spontaneous recovery). (2) Intermittent cases.
(3) Acquired cases.
Spontaneous recovery cases have been reported [9] [10] [11] . Nine intermittent cases were discussed and all were acquired. One girl used digital pressure over the trochlear region to 'unlock' the inability to elevate the eye. Others have reported similar cases [12, 13] . Some patients describe a 'clicking' sound on attempted elevation in adduction. A case of intermittent sheath syndrome was reported in a woman with rheumatoid arthritis. It was felt to be related to inflammation in the region of the superior oblique tendon at the trochlea [12] . Many case reports of this type have appeared in the literature since then. Others have reported sinusitis and sub-clinical inflammation in the region of the trochlea [14, 15] and one study [16] described 23 cases of superior oblique click syndromes.
For Brown, the cause of the true sheath syndrome remained unknown. His thought that the short sheath was secondary to a congenital paralysis or congenital delay in the function of the inferior oblique muscle was not supported by the clinical observations of others. Electromyographic studies of the inferior oblique were carried out by others and found to be normal [17, 18] .
In 1977, Crawford reported on the surgical treatment of 28 patients with true Brown's syndrome [19] . His criteria for inclusion were:
(1) Limitation of elevation in adduction.
(2) Little overaction of the superior oblique muscle, usually with a downshoot in adduction. (3) As the eye is abducted, the limit of the elevation follows a straight line from the inner canthus to normal limits of elevation in abduction. (4) Muscle balance is normal in the ispilateral temporal field. (5) Ipsilateral widening of the palpebral fissure in adduction. (6) Eyes are straight or divergent in upgaze with frequent limitation of elevation of the affected eye. (7) There is a positive traction test in attempted elevation in adduction.
He compared several types of superior oblique weakening procedures. No tight superior oblique tendon was found in any case. The most common technical failure he encountered was missing the superior oblique tendon. He recommended that the surgeon send a small piece of the tendon for histologic examination to confirm that the tendon had indeed been cut and to compare its structure with normal. On the basis of his investigation, he felt that the superior oblique tendon and not the superior oblique sheath is the major factor causing the condition. He found that a tenotomy of the superior oblique was a welltolerated and effective surgical treatment. Following this procedure, the forced ductions were improved.
Another study [20 ] reviewed 24 cases of true Brown's syndrome. The criteria used were similar to those used by Crawford. At the time of surgery the anatomy of the extraocular muscles was explored. A tight or heavy anterior sheath surrounding the superior oblique tendon was never observed. The authors felt that the cause remained unresolved although their surgical findings suggested that a restrictive band posterior and inferior to the globe was responsible for the limited elevation in adduction. By this time the name was changed to Brown's syndrome and the reference to the anterior sheath was dropped.
Brown's syndrome: current concepts
Clinical features of the 'true' Brown's syndrome ( Fig. 7 ) are summarized below:
(1) Decreased elevation of the affected eye in adduction on monocular (ductions) and binocular (versions) (Fig. 8 ). In 1999, Stager et al. [21 ] reclassified Brown's syndrome into mild, moderate, and severe. Cases of Brown's syndrome were referred to as mild if there was no vertical deviation in any horizontal position of gaze (true Brown's syndrome) ( Fig. 8 ). If accompanied with a disfiguring downshoot in adduction cases were classified as moderate, whereas severe cases were characterized with both a downshoot in adduction as well as vertical deviations in primary position with or without a compensatory head posture. The elevation improves in straight upgaze and is full in abduction. This improvement is in a straight line. There is a very mild downshoot and very slight widening of the fissure, both in adduction. There is no overaction of the left superior oblique, which indicates this is not a paresis of the left inferior oblique and indicates a mechanical cause.
Surgery for true Brown's syndrome
Unless the individual has a severe compensatory head posture or vertical strabismus in the primary position, surgery is not indicated (see the previous section). Some cases of Brown's syndrome have resolved spontaneously but resolution is often late and may take up to 20 years [22 ] . Children with strabismus in upgaze are at a disadvantage when viewed by the taller adult. With time the child may be taller than the parent who will then not notice the problem. If a decision is made to operate it is helpful to realize that the condition is variable in its clinical presentation.
Crawford's experience is helpful when deciding which procedure to perform [19] . During surgery Crawford found the following:
(1) When the forced duction test was done after a Z-tenotomy of the superior oblique tendon, the eye elevated above the midline in adduction. (2) After a split tendon lengthening (a tendon weakening and slack inducing procedure), the eye rotated well above the horizontal plane and the head posture was normal postoperatively. (3) After a complete tenotomy or tenectomy the eye rotated upward medially and normally without any restrictions.
The superior oblique tendon is surrounded by abundant connective tissue. The tendon should be identified within this tissue and isolated with a small hook. An index finger should be placed in the region of the trochlea. When the hook is pulled the tip of the finger should sense the tendon being pulled. If, at the completion of the operation the forced ductions are still positive then another cause of the restriction must be found. Forced ductions before, during, and after surgery should be performed by grasping the conjunctiva near the limbus with a pair of forceps, then rotating the eye away from the muscle being checked for restriction. Care must be taken not to push the globe back into the socket when the globe is being rotated as this may give the false impression of a muscle restriction.
These procedures each carry their own set of advantages and limitations with overcorrection being a common side effect. The superior oblique muscle tenotomy with a silicone expander was introduced to reduce the incidence of this result [21 ] . A newer surgical method using an intraoperative adjustable superior oblique tendon suture spacer has also proven effective in some cases of moderate or severe forms of Brown's syndrome [23 ] . 
Paresis of the inferior oblique
It is difficult to explain an isolated paresis of the inferior oblique and if it truly exists it is not very common. The muscle is innervated by a branch of the inferior division of the third cranial nerve (CNIII) and no other findings related to the third nerve would be expected. I have seen two individuals who would seem to have it. In both the vertical diplopia was worse to the affected side and the three-step test was mildly confirmatory. The decreased elevation of the eye in adduction is not as marked as seen with Brown's syndrome ( Fig. 9 ). There is overaction of the direct antagonist superior oblique and the forced duction test is normal. If no other diagnosis is made and the condition is stable and bothersome then a recession of the superior rectus of the unaffected eye is helpful.
Inflammations including those in the trochlear region
There are many reports in the literature regarding an inability to elevate in adduction which was found to be related to inflammations in the sinuses and the trochlear region. These individuals have an acquired inability to elevate an eye in adduction. One such individual was a woman with orbital pain, vertical diplopia and an inability to elevate the eye in adduction ( Fig. 10) . Her forced duction test was positive. This was felt to be caused by an inflammation in the trochlear region affecting the superior oblique tendon.
Underelevation in elevation following inferior oblique surgery
A normally functioning inferior oblique may be recessed or anteriorly transposed in the belief that it was overacting. The inferior oblique could also be injured during a surgical procedure. Postoperatively there may be underelevation in adduction. Ask the individual to look up and inwards and determine if the eye can move in that direction.
Underaction of the inferior obliques in the A and V patterns
In A pattern esotropia there is a bilateral underelevation in adduction which is referred to as underaction of the inferior obliques and corresponding overaction of the superior obliques (Figs 11 and 12 ) [24, 25] . 
Conclusion
A true Brown's syndrome has specific characteristics and is the most common cause of an inability to elevate an eye in adduction. Its exact cause remains unclear. Surgical treatment should be reserved for those individuals with strabismus in the primary position and a compensatory head position. Other entities may cause an inability to elevate in adduction, and should be differentiated from Brown's syndrome.
Brown's syndrome Manley and Alvi 439 Figure 12 In A pattern exotropia, there is bilateral underelevation in adduction and overaction of the superior oblique Figure 11 In A pattern esotropia, there is bilateral underelevation in adduction which is due to underaction of the inferior obliques and corresponding overaction of the superior obliques
